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Ab s t rac t 

//as’ 
An i n d e x ,  denoted  by AE, i s  der ived  as a measure of g l o b a l  

e l e c t r o j e t  a c t i v i t y .  The b a s i c  d a t a  used  are 2 .5  minute  r e a d i n g s  

of t h e  H t r a c e  i n  t h e  s t a n d a r d  magnetograms from seven a u r o r a l  zone 

o b s e r v a t o r i e s .  The r e a d i n g s  are re fe renced  t o  a l e v e l  de te rmined  

f o r  each o b s e r v a t o r y  from q u i e t  i n t e r v a l s .  A l l  t h e  d a t a  from t h e  

seven o b s e r v a t o r i e s  are then  p l o t t e d  a g a i n s t  UT , and two envelopes  

are drawn t o  embrace a l l  t h e  p o i n t s .  The index  AE a t  any epoch i s  

d e f i n e d  by t h e  d i s t a n c e  ( o r  s e p a r a t i o n )  between t h e  upper  and lower 

enve lopes  a t  t h a t  epoch. When viewed as f u n c t i o n s  of UT t h e  upper 

and lower envelopes  themselves  show development and decay of p o s i t i v e  

and n e g a t i v e  v a r i a t i o n s .  It  i s  found t h a t  a p o s i t i v e  excur s ion  

u s u a l l y  accompanies a n e g a t i v e  ( larger) v a r i a t i o n  , conf i rming  t h e  

well-known f e a t u r e  of p o l a r , d i s t u r b a n c e .  The AE index  f o r  a 6-day 

p e r i o d ,  February  10-15 , 1958 , shows t h a t  p o l a r  d i s t u r b a n c e s  s t a t i s t i c a l l y  

repeat wi th  a time i n t e r v a l  of about 4 h o u r s ,  and t h a t  t h e  ave rage  d u r a t i o n  

o f  t h e i r  most a c t i v e  phase  i s  a l i t t l e  ove r  1 hour.  It  i s  p o i n t e d  o u t  

t h a t  t h e  r e p e t i t i o n  t i m e  of 4 hours  i s  comparable  w i t h  t h a t  of t h e  

e l e c t r o n  f l u x  enhancements observed by Anderson e t  a l .  (1965) i n  t h e  

magnetosphere t a i l .  I t  i s  suggested t h a t  p o l a r  d i s t u r b a n c e s  are 
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I I n t r o d u c t i o n  

I n t e r p r e t a t i o n  of r e c o r d s  taken a t  t h e  magnet ic  o b s e r v a t o r i e s  

r e q u i r e s  o r g a n i z a t i o n  and a n a l y s i s  of t h e  r a w  r e c o r d s  which ,  f o r  most 

purposes  , are n o t  r e a d i l y  amenable t o  s imple  numer ica l  t r e a t m e n t s .  

T h i s  paper  p r e s e n t s  a m e a n s ,  d i f f e r e n t  from t h e  conven t iona l  methods,  

o f  o r g a n i z i n g  magnet ic  d a t a  obta ined  a t  a network of o b s e r v a t o r i e s  i n  

t h e  a u r o r a l  zone. The method i s  adapted t o  d i g i t a l  r e c o r d s  and modern 

computer t echn iques .  While t h e  p r e s e n t  method i s  n o t  i n t ended  t o  

b r i n g  o u t  a l l  t h e  p r o p e r t i e s  of  p o l a r  magnet ic  d i s t u r b a n c e s ,  i t  re-  

v e a l s  some of t h e i r  impor t an t  f e a t u r e s  more c l e a r l y  and r e a d i l y  than  

other methods commonly used i n  t h e  p a s t .  

We w i l l  f i r s t  d e s c r i b e  o u r  p r e s e n t  view of t h e  p o l a r  d i s t u r b a n c e  

i n  a symbolic manner t o  make c l e a r  t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  

p r e s e n t e d  i n  t h i s  paper .  The p o l a r  d i s t u r b a n c e ,  r e p r e s e n t e d  h e r e  by 

Dp, v a r i e s  w i t h  u n i v e r s a l  t i m e ,  denoted by T ,  and i s  c o n s i d e r e d  t o  con-  

s i s t  of  t h r e e  p a r t s :  

Dp(T) = Dpo(T,h) + Dz(T) + Dpi(T,h)  (1 )  

where X i s  l o n g i t u d e  wi th  r e s p e c t  t o  t h e  s u n ,  o r ,  l o c a l  t i m e .  I n  t h e  

p r e s e n t  i d e a l i z e d  model t h e  o b l i q u i t y  of t h e  geomagnetic ax is  wi th  

r e f e r e n c e  t o  t h e  r o t a t i o n a l  axis i s  ignored  f o r  t h e  sake  o f  s i m p l i c i t y ,  

r e c o g n i z i n g ,  however , t h a t  t h i s  o b l i q u i t y  p l a y s  an impor t an t  r o l e  

i n  geomagnetic phenomena. I t  may be thought  t h a t  i f  t h e  i n c l i n a t i o n  

of t h e  geomagnetic a x i s  i s  taken  i n t o  account  t h e  v a r i a b l e i .  should 

r e p r e s e n t  'geomagnet ic  l o c a l  t ime ' .  However , geomagnetic time i s  a 

i 
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n o n l i n e a r  f u n c t i o n  of real  t i m e  (Chapman and S u g i u r a ,  1956) ,  and i n  

t h e  d a t a  a n a l y s i s  p r e s e n t e d  i n  t h i s  paper  t h e  n o n l i n e a r i t y  o f  geomagnetic 

t i m e  i s  n o t  i n c o r p o r a t e d .  Thus, s t r i c t l y  speaking ,  i t  i s  n o t  c o r r e c t  

t o  say  t h a t  i f  h i s  c o n s i d e r e d  t o  b e  geomagnetic t i m e  t h e  c o n c l u s i o n s  

drawn below are a l l  v a l i d  w i t h  t h i s  s u b s t i t u t i o n  of  t h e  meaning o f A .  

However, w e  are mainly concerned wi th  t h e  u n i v e r s a l  t i m e  v a r i a t i o n ,  

and hence  t h e  d i s t i n c t i o n  between local t i m e  and geomagnetic t i m e  

i s  f o r  t h e  most p a r t  i r r e l e v a n t .  The f i r s t  term Dpo(T,h) i n  e q u a t i o n  

(1) i s  t h e  f i e l d  due t o  t h e  p o l a r  d i s t u r b a n c e  c u r r e n t  system; t h e  

second term Dz(T) r e p r e s e n t s  t h e  uniform f i e l d s  approximate ly  p a r a l l e l  

t o  t h e  geomagnetic a x i s ,  and t h e  t h i r d  term Dpi i n c l u d e s  i r r e g u l a r  

f i e l d s .  The p a r t  Dz i s  t h e  sum of t h e  magnet ic  f i e l d s  from t h e  r i n g  

c u r r e n t  i n  t h e  magnetosphere,  t h e  c u r r e n t  o n . t h e  magnetosphere boundary 

s u r f a c e ,  t h e  c u r r e n t  i n  t h e  magnetosphere t a i l ,  a n d ,  i f  t h e r e  i s  a n y ,  

a zonal  c u r r e n t  f lowing  i n  t h e  p o l a r  i o n o s p h e r e .  Because of  t h e  d i s -  

t o r t i o n  of  t h e  magnetosphere t h e  r i n g  c u r r e n t  f i e l d  w i l l  n o t  b e  e x a c t l y  

a x i a l l y  symmetric, b u t  t o  a f i r s t  approximation i t  may b e  c o n s i d e r e d  

t o  be so.  

c o u r s e ,  n o t  a x i a l l y  symmetric , b u t ,  a c c o r d i n g  t o  Mead ( 1964) , t h e  lowest  

term of t h e  s p h e r i c a l  harmonic expansion o f  t h i s  f i e l d ,  which r e p r e s e n t s  

a uniform f i e l d ,  g i v e s  a good approximation n e a r  t h e  e a r t h .  

from t h e  n e u t r a l  s h e e t  c u r r e n t  i n  t h e  magnetosphere tail may be taken  

t o  be l l n i r m  i n  t h e  v i c i n i t y  af t h e  e a r t b  accordi@.bU nesar81945) , 

The f i e l d  from t h e  magnetosphere boundary c u r r e n t  i s ,  of 

The f i e l d  

1 t h e  -ss i&tat iQn of t h e  normal t o  €he’ n e u t r a k l  - < I  + . - -  
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s h e e t  depends on t h e  d i r e c t i o n  of t h e  geomagnetic a x i s  r e l a t ive  t o  t h e  

e a r t h - s u n  l i n e ;  however,  f o r  t h e  sake  of s i m p l i c i t y  t h i s  f i e l d  i s  

i n c l u d e d  i n  t h e  term Dz. 

The term Dp(T,A) d i f f e r s  from DS d e f i n e d  by Chapman (1953) and 

Sugiura  and Chapman (1960) i n  t h e  f o l l o w i n g  r e s p e c t .  The l a t t e r ,  i . e . ,  

DS(T,h) , i s  d e f i n e d  as t h e  d e v i a t i o n  of  t h e  t o t a l  d i s t u r b a n c e  f i e l d  D 

from a x i a l  symmetry; t h e  a x i a l l y  symmetric p a r t  i s  d e s i g n a t e d  D s t .  

T h i s  method of a n a l y s i s  i s  u s e f u l  i n  low t o  moderate  l a t i t u d e s  because 

of t h e  p a r t i c u l a r  c i rcumstance  t h a t  t h e  r i n g  c u r r e n t  f i e l d ,  which i s  

t h e  main c o n t r i b u t o r  t o  t h e  d i s t u r b a n c e  t h e r e ,  i s  very  n e a r l y  a x i a l l y  

symmetric. Akasofu and Chapman (1964) have r e f u t e d  t h e  symmetry, b u t  

t h e  q u e s t i o n  i s  n o t  as y e t  d e f i n i t i v e l y  r e s o l v e d .  I n  t h e  a u r o r a l  zone 

t h e  d i v i s i o n  of  D i n t o  DS and D s t  d o e s  n o t  e n t a i l  a d i v i s i o n  o f  t h e  

d i s t u r b a n c e  i n t o  two e n t i t i e s  a s s o c i a t e d  w i t h  d i f f e r e n t  p h y s i c a l  

mechanisms. I f  t h e r e  i s  any a x i a l  asymmetry i n  t h e  d i s t u r b a n c e  f i e l d  

a r i s i n g  from a s i n g l e  p h y s i c a l  mechanism, t h e  f i e l d  i s  decomposed i n t o  

an a x i a l l y  s y m e t r i c  ( D s t )  and a n  a x i a l l y  asymmetric (DS) p a r t .  T h i s  

p o i n t  w a s ,  o f  c o u r s e ,  r e a l i z e d  i n  d e f i n i n g  D s t  and DS. I t  h a s  become 

a custom t o  r e f e r  t o  t h e  p o l a r  d i s t u r b a n c e  c u r r e n t  system as t h e  DS 

(o r  SD) c u r r e n t  system even though t h e  i n t e g r a l  o f  t h e  c u r r e n t  o v e r  

each  l a t i t u d e  c i r c l e  i s  n o t  zero .  However, so long as t h e  o r i g i n a l  

meaning of each symbol i s  c o r r e c t l y  unders tood  t h e r e  does  n o t  seem t o  

b e  amy harm i n  u s i n g  v a r i o u s  symbols such as DS, SD, D s t ,  Sq, e tc .  i n  

a r a t h e r  l o o s e  sense ;  t h e y  provide c o n v e n i e n t ,  s imple terms t o  v a r i o u s  
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geomagnetic v a r i a t i o n s  t h a t  are o t h e r w i s e  d i f f i c u l t  t o  name. 

The component Dpo i n  e q u a t i o n  (1) can  be expressed  as 

Dpo(T,h) = K(T) DSo(A) ( 2 )  

where K(T) i s  an o p e r a t o r  w i t h  a meaning g iven  below and where DSo(A) 

i s  t h e  f i e l d  from t h e  f a m i l a r  p o l a r  d i s t u r b a n c e  c u r r e n t  system ( F i g u r e  11, 

t h e  symbol DS n o t  be ing  used i n  t h e  r i g o r o u s  s e n s e  e x p l a i n e d  above. The 

o p e r a t o r  K ( T )  simply means t h a t  t h e  i n t e n s i t y  of  t h e  f i e l d  varies w i t h  

T main ta in ing  t h e  f i e l d  p a t t e r n  p r e s c r i b e d  by DSo(h),  b u t  K(T) may alter 

t h e  phase  ( o r  t h e  o r i e n t a t i o n )  of t h e  c u r r e n t  p a t t e r n ;  t h e  lat ter 

p r o v i s i o n  was i n c l u d e d  because t h e  o r i e n t a t i o n  of t h e  c u r r e n t  system 

i s  q u i t e  variable. I n  r e a l i t y  Dpo i s  n o t  so s imple  as e q u a t i o n  ( 2 )  

i n d i c a t e s ;  however, w e  adopt  t h i s  s i m p l i f i c a t i o n  merely f o r  t h e  sake  of  

convenience  i n  t h i n k i n g .  Thus what i s  g e n e r a l l y  c a l l e d  t h e  DS c u r r e n t  

system ( i n  a l o o s e  sense)  i s  o u r  Dpo c u r r e n t  system. I n  t h e  p r e s e n t  

s t u d y  Sq i s  a l t o g e t h e r  i g n o r e d .  The r e l a t i v e  impor tance  o f  DS, Dz, and 

Dpi components i n  de te rmining  Dp h a s  remained an open q u e s t i o n  f o r  some 

y e a r s .  Some s t u d i e s  (Nagata ,  1950; S o b o u t i ,  1961; Davis  and Kimball ,  

1962; and F a i r f i e l d ,  1963) which t r e a t e d  t h e  Dp v a r i a t i o n s  as d e p a r t u r e s  

from quie t -day  levels found t h e  main f e a t u r e s  of t h e  Dpo(A) p a t t e r n  

t o  b e  of primary importance.  

eas tward  and westward e l e c t r o j e t s  a t  t h e  evening  and morning s e c t o r s  

of t h e  a u r o r a l  zone,  r e s p e c t i v e l y ,  and t h e  tendency f o r  c u r r e n t s  t o  

f low poleward a t  t h e  a u r o r a l  zone n e a r  local geomagnetic midnight .  

O t h e r  s t u d i e s ,  i n c l u d i n g  t h o s e  of  Fukushima (1953) , Knapp (19611,  and 

These f e a t u r e s  i n c l u d e  t h e  e x i s t e n c e  of 
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Akasofu and Chapman (1964)  , treated t h e  Dp v a r i a t i o n s  as d e v i a t i o n s  

from t h e  l e v e l  of whatever  v a r i a t i o n  e x i s t e d  a t  t h e  time chosen.  These 

s t u d i e s  i n d i c a t e d  t h a t  Dpi o r  an ionospher ic  component of Dz c o u l d  be 

more i m p o r t a n t  t h a n  Dpo. 

I1 An Index ,  A E ,  of Auroral  E l e c t r o j e t  A c t i v i t y  

I n  t h e  f i r s t  p a r t  of t h i s  s tudy seven a u r o r a l  zone o b s e r v a t o r i e s  

are used;  t h e  b a s i s  of t h e  s e l e c t i o n  i s  t h e  a v a i l a b i l t i y  of magnet ic  

r e c o r d s ,  l a t i t u d e  of t h e  o b s e r v a t o r y ,  and t h e  need t o  o b t a i n  an even 

d i s t r i b u t i o n  i n  l o n g i t u d e .  One of t h e  p u r p o s e s  of t h e  s tudy  i s  t o  

examine t h e  v a r i a t i o n  of bo th  t h e  eastward and westward e l e c t r o j e t s  

a t ,  and on t h e  e q u a t o r i a l  s i d e  o f ,  t h e  a u r o r a l  zone. I n  o r d e r  t o  avoid  

c o m p l i c a t i o n s  i n t r o d u c e d  by p o l a r  cap c u r r e n t s ,  s t a t i o n s  l o c a t e d  c l e a r l y  

i n s i d e  t h e  a u r o r a l  zones are r e j e c t e d  i n i t i a l l y .  The l o c a t i o n s  of t h e  

f i v e  Northern Hemisphere s t a t i o n s  chosen are shown i n  F i g u r e  2.  T h i s  

c h o i c e  l e a v e s  a l a r g e  gap c e n t e r e d  on t h e  l o n g i t u d e  of t h e  east coast 

of North America. 

n o r t h e r n  and southern  a u r o r a l  zones h a s  been w e l l  demonstrated (Nagata  

and Kokubun, 1960; Wescott 1961; and Westco t t  and Mather ,  1965) , magnet ic  

r e c o r d s  from Halley Bay and Bryd S t a t i o n  n e a r  t h e  southern  a u r o r a l  zone 

are used t o  improve t h e  s t a t i o n  d i s t r i b u t i o n .  Loca t ions  of t h e  p o i n t s  

c o n j u g a t e  t o  Hal ley  Bay and Byrd S t a t i o n  are a l s o  shown i n  F i g u r e  2 .  

s t a t i o n  a t  s l i g h t l y  lower l a t i t u d e  than Byrd S t a t i o n  (or F o r t  C h u r c h i l l ,  

which l i es  n e a r  t h e  c o n j u g a t e  p o i n t  t o  Byrd S t a t i o n )  i s  p r e f e r r e d  t o  

S i n c e  t h e  conjugacy of magnet ic  v a r i a t i o n s  i n  t h e  

A 
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p r o v i d e  o b s e r v a t i o n s  n e a r  90° West Longitude b u t  t h e  l a c k  o f  a s t a t i o n  

t h e r e  and t h e  a v a i l a b i l i t y  of t h e  Byrd S t a t i o n  r e c o r d s  have l e d  t o  t h e  

c h o i c e  of t h a t  s t a t i o n .  

I n s t a n t a n e o u s  s c a l i n g  of t h e  H t r a c i n g s  from each s t a t i o n  h a s  been 

made by a semi-automatic  method a t  2 . 5  minute  i n t e r v a l s  f o r  t h e  s i x  UT 

d a y s  February 10-15, 1958. T h i s  p e r i o d  i n c l u d e s  t h e  g r e a t  magnet ic  

storm of February 11, 1958 and s e v e r a l  q u i e t  i n t e r v a l s .  The i n s t a n t a n e o u s  

H s c a l i n g s  have been r e f e r e n c e d  from b a s e l i n e s  r e p r e s e n t i n g  t h e  a v e r a g e  

H v a l u e  measured on q u i e t  d a y s  o c c u r r i n g  b e f o r e  and a f t e r  t h e  p e r i o d  

under  s tudy.  These b a s e - l e v e l s  are assumed to  r e p r e s e n t  t o  w i t h i n  

about  10 y (gamma) a t  each l o c a t i o n  t h e  h o r i z o n t a l  component of t h e  

geomagnetic f i e l d  i n  t h e  absence  of d i s t u r b a n c e  i o n o s p h e r i c  c u r r e n t s .  

Thus t h e  d e v i a t i o n s A H  from t h e  r e f e r e n c e  l e v e l  are d i r e c t l y  r e l a t e d  

t o  t h e  magnitude of t h e  eas tward  o r  westward c u r r e n t s  g i v i n g  r ise t o  t h e  

Dp magnetic v a r i a t i o n s  a t  each s t a t i o n .  

t h e  measurement, bu t  t h e  e f f e c t s  are s m a l l ,  p robably  n o t  o f t e n  exceeding  

20 ‘f (Nagata and Mizuno , 1955) .  

Sq v a r i a t i o n s  are i n c l u d e d  i n  

If t h e  d i s t r i b u t i o n  of s t a t i o n s  were i n f i n i t e l y  d e n s e ,  and i f  a 

s u p e r p o s i t i o n  were made of  a l l  t h e  H traces a r r a n g e d  by UT, t h e s e  traces 

would d e f i n e  upper and lower envelopes  between which a l l  c u r v e s  would l i e .  

When t h e  number of s t a t i o n s  i s  l i m i t e d  as i s  n e c e s s a r i l y  t h e  case i n  

p r a c t i c e  , such envelopes are n o t  comple te ly  d e f i n e d .  

t h e  H t r a c e s  for  t h e  seven s t a t i o n s  shown i n  F i g u r e  3 are superimposed 

N e v e r t h e l e s s  , when 

on each o t h e r  , an upper and lower 

w e l l .  

enve lope  c a n  be d e f i n e d  r e a s o n a b l y  

Two envelopes so drawn are shown i n  t h e  bottom of F i g u r e  3 .  I n  
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what f o l l o w s  w e  w i l l  r e f e r  t o  t h e  upper and t h e  lower envelopes  by 

AU and AL, r e s p e c t i v e l y .  ( F o r  convenience ,  w e  p l a c e  t h e  second l e t t e r  

of t h e  symbols AU, AL, Ao, Az, and AE on l i n e  w i t h  t h e  f i r s t ,  bu t  t h e  

second l e t t e r  i s  t o  be thought  of  as a s u b s c r i p t  .) I n  e s s e n c e  t h e s e  

envelopes are t h e  l o c i  of t h e  maximum and minimum of  A H  f o r  t h e  seven 

s t a t i o n s .  A r e p r o d u c t i o n  of a machine p l o t  of t h e  d a t a  f o r  t h e  p e r i o d  

February 10-15,  1958 w i t h  t h e  AU and AL envelopes  drawn i n  a p p e a r s  as 

F i g u r e  4 .  T h i s  diagram shows t h e  g e n e r a l  t r e n d  of t h e  D s t  v a r i a t i o n s  

f o r  t h e  p e r i o d  (shown by S u g i u r a ,  1965) as w e l l  as t h e  a u r o r a l  e l e c t r o j e t  

act  i v i  t y  . 
Wsre t h e  s t a t i o n  d i s t r i b u t i o n  more p e r f e c t  t h e  AU and AL envelopes  

r e s u l t i n g  from t h i s  procedure  would r e p r e s e n t  a t  each epoch t h e  maximum 

p o s i t i v e  and n e g a t i v e  H d e v i a t i o n s  o c c u r r i n g  a l o n g  t h e  a u r o r a l  zone. 

S i n c e  t h e  major p o s i t i v e  and n e g a t i v e  bay d i s t u r b a n c e s  extend over  an 

a p p r e c i a b l e  l e n g t h  of  t h e  a u r o r a l  zone,  t h e y  are r e f l e c t e d  i n  t h e  o b s e r -  

v a t i o n s  from a l i m i t e d  s t a t i o n  d i s t r i b u t i o n .  W e  have found t h a t  a 

minimum of  f o u r  o b s e r v a t o r i e s  n e a r l y  e q u a l l y  spaced a long  t h e  a u r o r a l  

zone p r o v i d e  s u f f i c i e n t  d a t a  t o  reproduce t h e  e s s e n t i a l  f e a t u r e s  d i s p l a y e d  

i n  F i g u r e s  3 and 4 .  However, such a l i m i t e d  s t a t i o n  d i s t r i b u t i o n  w i l l  

n o t  always measure t h e  f u l l  ampli tude of t h e  l a r g e r  d i s t r u b a n c e s  and 

might  n o t  d e t e c t  small l o c a l i z e d  d i s t u r b a n c e s  u n l e s s  one of t h e  s t a t i o n s  

happens t o  be i n  t h e  d i s t u r b a n c e  r e g i o n .  The d i s c u s s i o n s  i n  s e c t i o n  

VI1 sugges t  t h a t  f o u r  o b s e r v a t o r i e s a r e  n o t  q u i t e  adequate ;  one  would 

wish t o  have a minimum of s i x  o b s e r v a t o r i e s .  During times of major 
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d i s t u r b a n c e  t h e  a u r o r a l  e l e c t r o j e t s  may s h i f t  equatorward of  t h e  a u r o r a l  

zone and hence away from t h e  s t a t i o n  d i s t r i b u t i o n .  An example of  t h i s  

s h i f t  i s  ev ident  i n  F i g u r e  3 where i n  some i n s t a n c e s  d e v i a t i o n s  a t  

S i t k a  are l a r g e r  than t h o s e  a t  C o l l e g e ,  whereas most of t h e  t i m e  t h e  

r e v e r s e  i s  t r u e .  A converse  c i rcumstance  i n  which t h e  maximum electrojet  

c u r r e n t  s h i f t s  t o  t h e  p o l e  s i d e  of t h e  s t a t i o n  network can also be 

conce ived .  However, a t e s t  u s i n g  t h e  d a t a  from B a r r o w ,  Barter I s l a n d ,  

and Murchison i n  c o n j u n c t i o n  w i t h  t h o s e  from t h e  s t a t i o n s  i n  t h e  a u r o r a l  

zone h a s  so f a r  r e v e a l e d  no s e r i o u s  d i f f i c u l t i e s  of such n a t u r e .  I n  

summary i t  could  be s t a t e d  w i t h  t h e s e  and o t h e r  p r a c t i c a l  c o n s i d e r a t i o n s  

t h a t  an i d e a l  s t a t i o n  network would b e  o n e  w i t h  a s p a c i n g  of  roughly  

30' of longi tude  around t h e  e n t i r e  ( n o r t h e r n )  a u r o r a l  zone and w i t h  a 

f u r t h e r  c o n d i t i o n ,  though u n l i k e l y  t o  be r e a d i l y  m e t  i n  p r a c t i c e ,  t h a t  

every  o t h e r  s t a t i o n  be roughly  5 t o  t h e  south  of  t h e  a u r o r a l  zone. 0 

Consider b r i e f l y  t h e  v a r i a t i o n s  shown on F i g u r e  4.  Moderate p o s i t i v e  

and n e g a t i v e  H d e v i a t i o n s  e x i s t  a t  t h e  b e g i n n i n g  of  February  10 and 

g r a d u a l l y  decay i n t o  an i n t e r v a l  w i t h  n e a r - z e r o  d i s t u r b a n c e .  Then a t  

1200 an i n t e r v a l  of major  p o s i t i v e  and n e g a t i v e  d i s t u r b a n c e  b e g i n s  and 

c o n t i n u e s  u n t i l  t h e  commencement of  t h e  g r e a t  magnet ic  s torm of February  

11. 

i n t o  t h e  middle of  February 12. Near 1700 on February  12 a major b u t  

r e l a t i v e l y  s h o r t - l i v e d  d i s t u r b a n c e  o c c u r s .  Another long i n t e r v a l  of 

More-or- less  continuous d i s t u r b a n c e  e x i s t s  w i t h  v a r i a b l e  ampl i tude  

d i s t u r b a n c e  ex tends  from 0840 on February  13 to 1830 on February  14. A 

q u i e s c e n t  i n t e r v a l  w i t h  minor s h o r t - l i v e d  d i s t u r b a n c e s  t h e n  c o n t i n u e s  t o  

t h e  end of  February 15. 
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Note t h e  tendency f o r  p o s i t i v e  and  n e g a t i v e  d e v i a t i o n s  t o  occur  

t o g e t h e r .  An excep t ion  o c c u r s  on February 11 n e a r  1100 where t h e  

e n t i r e  envelope  i s  n e g a t i v e l y  depressed.  I n  view of t h e  f a c t  t h a t  

p o s i t i v e  and n e g a t i v e  H d e v i a t i o n s  g e n e r a l l y  t end  t o  occur  t o g e t h e r  

and t h a t  t h i s  n e g a t i v e  dep res s ion  of  t h e  envelope  happens when t h e  

world-wide D s t  i s  a t  a maximum, w e  b e l i e v e  t h a t  t h e  dep res s ion  r e s u l t s  

mainly from a uniform f i e l d  of  a ' r i n g  c u r r e n t '  i n  t h e  magnetosphere 

r a t h e r  than  from a zonal  c u r r e n t  i n  the  a u r o r a l  ionosphere .  

When a x i a l l y  symmetric f i e l d s  from d i s t a n t  sou rces  are  a b s e n t  

t h e  upper  ( A U )  and lower (AL) envelopes p r o v i d e  a measure of t h e  

maximum eas tward  and westward e l e c t r o j e t  c u r r e n t s  a t  any t i m e .  A t  a 

t i m e  when zonal  c u r r e n t s  e x i s t  e i t h e r  i n  t h e  a u r o r a l  i onosphe re  o r  i n  

t h e  magnetosphere,  t h e s e  c u r r e n t s  w i l l  d i s p l a c e  t h e  AU and AL envelopes  

so t h a t  they  no longer  p rov ide  a d i r e c t  i n d i c a t i o n  o f  t h e  maximum 

eas tward  and westward c u r r e n t  d e n s i t i e s  i n  t h e  a u r o r a l  e l e c t r o j e t .  

However, t h e  s e p a r a t i o n  between t h e  AU and AL envelopes  s o l e l y  depends 

upon t h e  maximum eas tward  and westward e l e c t r o j e t  c u r r e n t s  and i s  

independent  of  zona l  c u r r e n t s  , i f  any  , e x i s t i n g  i n  t h e  ionosphe re  , 

o r ,  of  t h e  a x i a l l y  symmetric component o f  magnet ic  f i e l d s  from any 

d i s t a n t  sou rces .  

Thus w e  can  d e f i n e  an index  AE by 

AE = AU - AL ( 3 )  

which i s  a d i r e c t  measure of t h e  t o t a l  maximum ampl i tude  of east and 

west e l e c t r o j e t  c u r r e n t s .  AE i s  an i n s t a n t a n e o u s  g l o b a l  i ndex  of  t h e  
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electrojet  and i s  a f u n c t i o n  of  u n i v e r s a l  time. 

i n d e x  Ao by 

We d e f i n e  a n o t h e r  

Ao = (AU + AL)/2. ( 4 )  

Then A o  i s  t h e  d isp lacement  of  t h e  midpoint  of AU and AL from t h e  

r e f e r e n c e  level a t  a p a r t i c u l a r  t i m e .  I t  i s  an approximate measure 

of t h e  e q u i v a l e n t  zonal  c u r r e n t  r e g a r d l e s s  of  whether  t h e  c u r r e n t  f l o w s  

i n  t h e  ionosphere o r  i n  t h e  magnetosphere.  

I n  t h i s  paper  t h e  changes  i n  t h e  f i e l d s  from t h e  s u r f a c e  c u r r e n t  

on t h e  magnetosphere boundary and from t h e  n e u t r a l  s h e e t  c u r r e n t  i n  

t h e  magnetosphere t a i l  are i g n o r e d .  Rough estimates of t h e s e  f i e l d s  

are g iven  i n  Appendix. If t h e  e q u a t o r i a l  D s t  i s  z e r o ,  Ao i n d i c a t e s  

t h e  degree  of asymmetry of t h e  Dpo f i e l d .  When t h e  c u r r e n t  f lowing  i n  

t h e  a u r o r a l  zone ionosphere  t e n d s  t o  z e r o ,  AU and AL, and hence A o ,  

converge  t o  a p o i n t ,  t h e  o r d i n a t e  of which,  measured from t h e  q u i e t  

l e v e l ,  then i s  t h e  e f f e c t  of t h e  r i n g  c u r r e n t ,  s a y ,  D s t ( e q u a t o r 1  , 

where Q! i s  a f a c t o r  e x p r e s s i n g  t h e  v a r i a t i o n  of D s t  w i t h  1ati tude;CY 

may be taken t o  b e  c o s  8 ,  where 8 i s  geomagnetic l a t i t u d e .  Then, re- 

f e r r i n g  t o  equat ion  (1) , t h e  i o n o s p h e r i c  zonal  component A z ,  i f  t h e r e  

i s  a n y ,  can b e  w r i t t e n  as 

Az = Ao - d D s t ( e q u a t o r 1 .  ( 5 )  

The r e l a t i o n s  between t h e s e  q u a n t i t i e s  are i l l u s t r a t e d  i n  F i g u r e  5. 

Q u a n t i t i e s  AE and Ao can b e  expressed  as f o l l o w s :  

AUT)  = [ D ~ ~ ( T , N  +   pi] ( 6 )  

Ao(T) = [Dz(T)] ( 7 )  
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where t h e  s q u a r e  b r a c k e t s  mean t h a t  t h e  range  i s  t o  be taken of t h e  

v a r i a t i o n s  i n s i d e  t h e  b r a c k e t s .  I t  i s  unders tood  t h a t  a l l  t h e  q u a n t i t i e s  

r e f e r  t o  t h e  h o r i z o n t a l  component H.  I n  terms of AE and A o  t h e  magnitude 

of Dp can  be expressed  as 

-Dp] i = AE + A 0  ( 8 )  

A s  i s  seen i n  F i g u r e  4 and diagrams t o  b e  p r e s e n t e d  below, A 0  and 

Az are g e n e r a l l y  non-zero but  u s u a l l y  are small r e l a t i v e  t o  AE.  There- 

f o r e  AE a l o n e  i s  a good approximation t o  ID$. 

an i n d e x  of  Dp.  An obvious  advantage of AE as an index  of t h e  Dp v a r i -  

a t i o n  i s  t h a t  AE r e s u l t s  from d i r e c t  measurement and h a s  a d i r e c t l y  

i n t e r p r e t a b l e  meaning; s p e c i f i c a l l y ,  AE i s  a d i r e c t  measure of t h e  

world-wide maximum ampl i tude  of  t h e  a u r o r a l  e l e c t r o j e t s .  A p l o t  of 

AE f o r  t h e  p e r i o d  given i n  F i g u r e  4+ i s  shown i n  F i g u r e  6 t o g e t h e r  w i t h  

l o w - l a t i t u d e  D s t .  

Thus w e  propose AE f o r  

AJ3 i s  d e f i n e d  as an  i n s t a n t a n e o u s  i n d e x  b u t  t h e  method can  be 

a p p l i e d  t o  time averages .  The e f f e c t  of a v e r a g i n g  over  t i m e  i s  i l l u s -  

t r a t e d  i n  F i g u r e s  7 and 8.  Compared w i t h  t h e  2.5-minute i n s t a n t a n e o u s  

v a l u e s  shown t h e r e ,  envelopes AU and AL based on t h e  15-minute a v e r a g e s  

of t h e  2 .5  minute  v a l u e s  are much smoother ,  and t h e r e  i s  some r e d u c t i o n  

i n  ampl i tude .  Corresponding c u r v e s  f o r  t h e  1-hour  averages  are f u r t h e r  

reduced i n  ampl i tude  and t h e r e  i s  s i g n i f i c a n t  loss i n  r e s o l u t i o n  of  

t h e  lesser e v e n t s .  The 1-hour averages  s t i l l  show t h e  o c c u r r e n c e  of 

t h e  more s i g n i f i c a n t  v a r i a t i o n s  bu t  even t h e s e  tend  t o  become lost  i n  t h e  

3-hour  averages .  
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I n h e r e n t l y  t h e  p l o t s  showing t h e  AU and AL envelopes  c o n t a i n  more 

i n f o r m a t i o n  than  t h e  AE i n d e x  s i n c e  they  i n d i c a t e  east and west c u r r e n t  

d i r e c t i o n  as  w e l l  as magnitude. 

s t a t i o n s  c o n t r i b u t e  t o  t h e  format ion  of t h e  AU and AL envelopes  at a 

p a r t i c u l a r  t i m e  s i n c e  t h i s  i n f o r m a t i o n  g i v e s  t h e  l o c a l  t i m e  of t h e  

p o s i t i o n s  of t h e  most i n t e n s e  eas tward  and westward e lectrojet  c u r r e n t s .  

One-half  hour average  d a t a  f o r  t h e  p e r i o d  February  10-15 have  been used 

t o  de te rmine  t h e  local geomagnetic t i m e  of t h e  l o c a t i o n s  where maximum 

p o s i t i v e  and n e g a t i v e  H e x c u r s i o n s  were observed  from t h e  network of  

seven s t a t i o n s  shown i n  F i g u r e  1. The r e s u l t ,  shown i n  F i g u r e  9 ,  i s  

t h a t  t h e  AU envelope i s  determined most f r e q u e n t l y  from t h e  c o n t r i b u t i o n  

of  s t a t i o n s  w e s t  of t h e  midnight  mer id ian  w h i l e  s t a t i o n s  t o  t h e  east 

d e t e r m i n e  t h e  AL envelope.  Thus ,  t h e  most i n t e n s e  e l e c t r o j e t  c u r r e n t s  

a t  t h e  a u r o r a l  zone f l o w  on t h e  n i g h t  s i d e  of t h e  e a r t h  w i t h  eas tward  

and w e s t w a r d  c u r r e n t s  t e n d i n g  t o  f l o w  i n  t h e  evening  and morning s e c t o r s ,  

r e s p e c t i v e l y ;  t h i s  i s  a r e s t a t e m e n t  of t h e  well-known f a c t .  

I t  i s  of i n t e r e s t  t o  d e t e r m i n e  which 

I V  Temporal R e l a t i o n s h i p s  between Dp and D s t  

A s  mentioned above,  h o u r l y - a v e r a g e  d a t a  c a n  be used t o  examine 

t h e  more s i g n i f i c a n t  v a r i a t i o n s  of t h e  a u r o r a l  e lectrojets  a l t h o u g h  

t h e r e  r e s u l t s  some l o s s  of d e t a i l .  

a b l e  i n  publ i shed  form f o r  s e v e r a l  a u r o r a l  zone o b s e r v a t o r i e s  and t h e s e  

have been used t o  examine o t h e r  p e r i o d s  i n  1958. 

Hourly-average H v a l u e s  are avai l -  

Data from Dombas, 
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Hal ley  Bay , S i t k a ,  C o l l e g e ,  Wellen , Dixon I s l a n d  , Cape Chelyuskin , Byrd 

and Yel lowknife  have been combined t o  form h o u r l y - a v e r a g e  AU and AE 

envelope p l o t s ,  shown i n  F i g u r e  10 ,  f o r  t h e  t h r e e  i n t e r v a l s  February  

10-15, May 24-June 11, and June  27-July 2 ,  1958. Although a t  r e l a t i v e l y  

h igh  l a t i t u d e ,  Cape Chelyuskin h a s  been i n c l u d e d  h e r e  t o  improve t h e  

l o n g i t u d i n a l  s t a t i o n  d i s t r i b u t i o n  s i n c e  p r e l i m i n a r y  t e s t i n g  i n d i c a t e d  

t h a t  t h e  behavior  of  H t h e r e  was similar t o  t h a t  a t  t h e  o t h e r  s t a t i o n s .  

The f i rs t  i n t e r v a l  i n  F i g u r e  10 i s  the  same as t h a t  f o r  which t h e  

i n s t a n t a n e o u s  2.5-minute  s c a l i n g s  are a v a i l a b l e  so t h a t  t h e  r e s u l t s  

from t h e  t w o  t y p e s  of d a t a  are r e a d i l y  comparable (see F i g u r e s  4 ,  7 ,  

and 8 ) .  Note t h a t  t h e  u s e  of hour ly-average  d a t a  f o r  t h e  c o n s t r u c t i o n  

of  F i g u r e  10 r e s u l t s  i n  g r e a t l y  reduced envelope  ampl i tudes .  The i n t e r -  

v a l s  shown i n  F i g u r e  10 c o n t a i n  m a g n e t i c a l l y  q u i e t  and a c t i v e  p e r i o d s  

b u t  are chosen because they  do c o n t a i n  major s torms .  The Dp v a r i a t i o n s  

d u r i n g  t h e  May, J u n e ,  and J u l y  1958 i n t e r v a l s  e x h i b i t  t h e  same c h a r a c t e r -  

i s t i c s  as seen i n  t h e  February 1958 i n t e r v a l :  Dp i s  h i g h l y  v a r i a b l e  w i t h  

r o u g h l y  s imul taneous  b u r s t s  of eastward and westward a u r o r a l  e l e c t r o j e t  

c u r r e n t  deve loping  several t imes each day.  During magnetic s torms t h e  

Dp b u r s t s  are p a r t i c u l a r l y  i n t e n s e .  

A s  w a s  no ted  by Chapman (19561, d u r i n g  storm p e r i o d s  t h e  a u r o r a l  

zone c u r r e n t s  tend  t o  develop w e l l  b e f o r e  t h e  main phase of  magnet ic  

s t o r m s .  T h i s  temporal  r e l a t i o n s h i p  i s  demonstrated i n  Table  1 where 

t h e  t i m e s  of AE o n s e t ,  AE maximum, o n s e t  of n e g a t i v e  D s t  , and n e g a t i v e  

D s t  maximum are l i s t e d  f o r  t h e  sudden commencement s torms o c c u r r i n g  
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d u r i n g  t h e  i n t e r v a l s  d e p i c t e d  i n  F i g u r e  10. 

and n e g a t i v e  D s t  o n s e t s  unaccompanied by storm sudden commencements 

( ssc)  are inc luded .  The o n s e t  of AE u s u a l l y  o c c u r s  w i t h i n  one  hour  

of t h e  time of  an ssc and b u i l d s  t o  a maximum one-ha l f  t o  s e v e r a l  h o u r s  

la ter .  I n  comparison,  t h e  development of t h e  storm main p h a s e ,  as i n -  

d i c a t e d  by i n c r e a s i n g l y  n e g a t i v e  D s t ,  u s u a l l y  d o e s  n o t  commence until 

s e v e r a l  hours  later.  On t h e  a v e r a g e ,  t h e r e  i s  a 3-hour d e l a y  between 

t h e  commencement of AE a c t i v i t y  and t h e  o n s e t  of t h e  s torm main phase 

( D s t )  and an e q u i v a l e n t  d e l a y  between t h e  t i m e  of maximum AE and maxi- 

mum n e g a t i v e  D s t .  T h i s  t i m e  d e l a y  as d e r i v e d  from a s ta t is t ical  a n a l y s i s  

i s  e v i d e n t  i n  F i g u r e  28 of t h e  paper  by S u g i u r a  and Chapman (1960). 

S e v e r a l  i n s t a n c e s  of AE 

V Temporal R e l a t i o n s h i p s  between Low L a t i t u d e  DS, Dp and D s t  

Of i n t e r e s t  a l s o  are t h e  temporal  r e l a t i o n s h i p s  between d i s t u r b a n c e  

a t  t h e  a u r o r a l  zone and a t  l o w  l a t i t u d e .  A r e c e n t  s t u d y  by Akasofu 

and Chapman (1964) s u g g e s t s  t h a t  w h i l e  a p o r t i o n  o f  t h e  l o w - l a t i t u d e  

d i s t u r b a n c e  may b e  due t o  ionosp-heric  r e t u r n  c u r r e n t s  from t h e  a u r o r a l  

e l e c t r o j e t s ,  a n o t h e r  p a r t  i s  due t o  asymmetry of t h e  e q u a t o r i a l  r i n g  

c u r r e n t  i n  t h e  magnetosphere;  more e x p l i c i t l y ,  p a r t  of t h e  r i n g  c u r r e n t  

f lows  i n  the  ionosphere  on t h e  n i g h t  s i d e  i n  t h e i r  i n t e r p r e t a t i o n .  

Hourly average  H d a t a  from seven o b s e r v a t o r i e s  l y i n g  between 

geomagnetic l a t i t u d e s  21°N and 41°N have been used t o  d e r i v e  an i n d e x  

somewhat analogous t o  AE. A t  each o b s e r v a t o r y  an h o u r l y - a v e r a g e  v a l u e  
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of  &-I, denoted h e r e  by h?, i s  determined by 
- -  
AH= H - HO ( 9 )  

where i s  t h e  hour ly-average  h o r i z o n t a l  component and where Ho i s  

t h e  d a i l y  mean H component measured on q u i e t  days .  AH r e s u l t s  from 

Sq and d i s t u r b a n c e  v a r i a t i o n s ;  t h e  d i s t u r b a n c e  v a r i a t i o n s  may c o n t a i n  

a x i a l l y  symmetric ( D s t )  and a x i a l l y  nonsymmetric (DS) components. We 

o b t a i n  t h e  a x i a l l y  nonsymmetric component DS by 

DS = dH - S q  - D s t  (10) 

where D s t  i s  determined by h o u r l y  v a l u e s  g iven  by Sugiura  (1965) .  Using 

t h e  DS v a l u e s  o b t a i n e d  from t h e  l o w - l a t i t u d e  s t a t i o n  d i s t r i b u t i o n  , t h e  

r a n g e  R(DS) i s  determined:  

R(DS) = DS - DS 
max min 

(11) 

t h u s ,  R(DS) r e s u l t s  from t h e  sum of t h e  maximum world-wide eas tward  and 

westward c u r r e n t  measured i n  t h e  l a t i  t u d e  zone c o n t a i n i n g  t h e  s t a t i o n  

d i s t r i b u t i o n  a f t e r  Sq and t h e  a x i a l l y  symmetric f i e l d  are s u b t r a c t e d .  

It r e p r e s e n t s  t h e  asymmetrical  component of d i s t u r b a n c e  a t  low l a t i t u d e  

as d o e s  AE at  t h e  a u r o r a l  zone. 

P l o t s  of AE, R(DS) and D s t  f o r  t h e  p e r i o d  February 10-15,  1958 

are c o n t a i n e d  i n  F i g u r e  11. A s  i s  e v i d e n t  from F i g u r e  11, AE and R(DS) 

f l u c t u a t e  much more r a p i d l y  than  D s t  w i t h  R(DS) t e n d i n g  t o  f o l l o w  t h e  

f l u c t u a t i o n s  of AE q u i t e  w e l l  d u r i n g  much of  t h e  p e r i o d  shown. T h i s  

b e h a v i o r  i s  n o t  i n  disagreement  with t h e  u s u a l  i n t e r p r e t a t i o n  t h a t  t h e  

a x i a l l y  nonsymmetric d i s t u r b a n c e  observed a t  low l a t i t u d e  i s  due l a r g e l y  

t o  i o n o s p h e r i c  r e t u r n  c u r r e n t s  from t h e  a u r o r a l  e l e c t r o j e t s .  However, 

R(DS) i s  n o t  e x a c t l y  p r o p o r t i o n a l  t o  A E ,  and d u r i n g  some h o u r s  of t h e  
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February  10-15, 1958 p e r i o d  t h e r e  i s  no obvious  r e l a t i o n s h i p  e i t h e r  

t o  AE o r  Dst. Contained i n  t h e  February  10-15 p e r i o d  are 52 h o u r s  

d u r i n g  which AE(150r; i f  a r e l a t i o n s h i p  between R(DS) and D s t  e x i s t s  

i t  should  be most a p p a r e n t  d u r i n g  t h e s e  h o u r s  when t h e  a u r o r a l  e l e c t r o -  

j e t s  are weak. 

( F i g u r e  12a) i n d i c a t e s  t h e  p o s s i b i l i t y  of  a dependence of  R(DS) upon 

D s t .  A l e a s t  s q u a r e s  f i t  w i t h  a s t r a i g h t  l i n e  i s  shown i n  F i g u r e  12a. 

I f  R ( D S )  i s  assumed t o  b e  independent  of AE ( i n  t h e  r a n g e  c o n s i d e r e d ) ,  

and i f  t h e  asymmetric component of D s t  i s  p r o p o r t i o n a l  t o  D s t  i t s e l f ,  

t h e  s t r a i g h t  l i n e  i n  F i g u r e  12a shows t h a t  t h e  D s t  asymmetry i s  about  

12% of  i t s  symmetric v a l u e .  However, as i s  seen i n  F i g u r e  12b,  R(DS) 

e v i d e n t l y  depends on AE even i n  t h e  range  c o n s i d e r e d  ( i . e . ,  AE<150$) ; 

t h e  above percentage may be c o n s i d e r e d  as t h e  upper  l i m i t  on a s ta t i s t ica l  

b a s i s .  I n  t h i s  r e g a r d  t h e  s t a n d a r d  d e v i a t i o n  f o r  t h e  least s q u a r e s  

f i t  i s  7.515. 

t h e  ra te  obta ined  above. I n  t h e i r  s tudy  which i n d i c a t e d  g r e a t e r  asymmetry 

i n  t h e  r i n g  c u r r e n t  Akasofu and Chapman ( 1964) used t h e  f i r s t  h a l f  of 

the t e n t h  hour of February 11, 1958 as an example. For  t h a t  t i m e  t h e y  

o b t a i n e d  a va lue  f o r  t h e  a x i a l l y  nonsymmetric component of d i s t u r b a n c e  

a t  low l a t i t u d e  about  t h e  same as i r l d i c a t e d  by o u r  F i g u r e  11. However, 

t h e i r  method i n d i c a t e d  n e a r - z e r o  Dp d u r i n g  t h e  same i n t e r v a l ,  hence 

t h e y  concluded t h a t  t h e  l o w - l a t i t u d e  d i s t u r b a n c e  r e s u l t e d  from asymmetry 

of t h e  r i n g  c u r r e n t .  On February  11, 1958 between 1000 and 1030 t h e  AE 

index  ranged from 500 t o  1000 1 , i n d i c a t i n g  an i n t e n s e  c u r r e n t  i n  t h e  

a u r o r a l  zone,  hence t h e  p o s t u l a t i o n  of a l a r g e  r i n g  c u r r e n t  asymmetry 

A scat ter  diagram of R(DS) v e r s u s  D s t  when AE<150 a' 

There may b e  times when t h e  d e g r e e  of asymmetry exceeds 
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i s  n o t  n e c e s s a r i l y  r e q u i r e d  f o r  the  i n t e r p r e t a t i o n  of t h e  February  

10-15,  1958 d a t a .  A t  least i n  p a r t ,  t h e  d i s s i m i l a r i t y  between o u r  

r e s u l t  and t h a t  of Akasofu and Chapman a p p e a r s  t o  b e  due t o  a d i f f e r e n t  

c h o i c e  i n  Dp b a s e l i n e s  i n  t h e  two s t u d i e s .  However, t h e  q u e s t i o n  of 

whether o r  n o t  t h e  DS v a r i a t i o n s  i n  low l a t i t u d e s  r e p r e s e n t  t h e  f i e l d s  

I 
~ due t o  t h e  r e t u r n  c u r r e n t  of t h e  a u r o r a l  e l e c t r o j e t s ,  o r  more p r e c i s e l y ,  

t o  what d e g r e e  t h e  low l a t i t u d e  DS r e p r e s e n t s  t h e  r e t u r n  c u r r e n t ,  remains 

unanswered . 

V I  R e l a t i o n  of  t h e  AE index  t o  Kp and ap 

Kp i s  t h e  mean s t a n d a r i z e d  K i n d e x  from twelve  o b s e r v a t o r i e s  l y i n g  

i n  n o r t h e r n  o r  southern  l a t i t u d e s  between 48O and 63' geomagnetic 

l a t i t u d e  (Bartels e t  a l . ,  1962).  K- indices  f o r  i n d i v i d u a l  s t a t i o n s  

are determined from t h e  l a r g e s t  of t h e  maximum ranges  of t h e  t h r e e  

components 5or 3-hour  i n t e r v a l s  a t  t h a t  s t a t i o n .  

q u a s i -  l o g a r i t h m i c  r e l a t i o n  t o  t h e  ampl i tude  of d i s t u r b a n c e  i n  o r d e r  

t h a t  a wide range  of a c t i v i t y  b e  expressed  by a o n e - d i g i t  number; t h e  

cor responding  l i n e a r  ampl i tude  index i s  a p ,  and t h e  d a i l y  e q u i v a l e n t  

p l a n e t a r y  ampl i tude  Ap i s  t h e  average of t h e  8 a p  v a l u e s  f o r  one  day.  

Kp and ap  are measures o f  v a r i a t i o n  i n  t h e  geomagnetic f i e l d  and 

Kp i s  d e f i n e d  by a 

i n  p r i n c i p l e  respond only  t o  d i s t u r b a n c e  v a r i a t i o n s  (Sq and l u n a r  

v a r i a t i o n s  are s u b t r a c t e d  o u t  i n  t h e  p r e p a r a t i o n  of t h e  :K- indices) .  

During p e r i o d s  of great magnetic a c t i v i t y ,  t h e  a u r o r a l  e lectrojets  

may move equatorward u n t i l  they  approach o r  p a r t i a l l y  o v e r l i e  t h e  h i g h e r  

l a t i t u d e  o b s e r v a t o r i e s  used t o  de termine  Kp. 

r e s u l t  d i r e c t l y  from t h e  i n f l u e n c e  of t h e  a u r o r a l  e l e c t r o j e t s  and from 

Then h igh  Kp-index v a l u e s  
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v a r i a t i o n  i n  t h e  e q u a t o r i a l  r i n g  c u r r e n t s .  Under more normal c o n d i t i o n s  

t h e  twelve  o b s e r v a t o r i e s  used t o  d e r i v e  Kp are  equatorward o f  t h e  a u r o r a l  

e l e c t r o j e t s  and then  t h e  middle  l a t i t u d e  DS c u r r e n t s  and t h e  r i n g  

c u r r e n t s  a r e  t h e  pr imary c o n t r i b u t o r s  t o  t h e  3-hour  Kp and ap  i n d i c e s .  

Both AE and DS are more v a r i a b l e  w i t h i n  a 3-hour  span than  D s t  (see 

F i g .  11) and s ince  Kp and ap  are measures  of v a r i a t i o n  i n  3 h o u r s ,  

they provide  i n d i c e s  of Dp a c t i v i t y  p r i m a r i l y .  The r e l a t i o n s h i p s  

between Kp, ap and a 3-hour  AE index  f o r  t h e  p e r i o d  February  10-15, 

1958 are shown i n  F i g u r e  13. 

V I 1  Temporal V a r i a t i o n  of Dp 

A s t r i k i n g  f e a t u r e  of F i g u r e s  6 and 10 and one  b e s t  i l l u s t r a t e d  

i n  F i g u r e  14  i s  t h e  almost  p e r i o d i c  occur rence  of  b u r s t - l i k e  Dp a c t i v i -  

t y .  Such a f e a t u r e  has  been p o i n t e d  o u t  by Akasofu (1960)  w i th  

r e f e r e n c e  t o  i n t e n s e  p o l a r  d i s t u r b a n c e s  a s s o c i a t e d  wi th  magnet ic  s torms .  

The Dp b u r s t s  d u r i n g  February  10-15, 1958 and t h e  o t h e r  i n t e r v a l s  shown 

i n  F i g u r e  10 occurred  a t  an ave rage  ra te  of approximate ly  6 p e r  day 

( see  F i g .  15) wi th  a tendency f o r  t h e  b u r s t  f r equency  and ampl i tude  

t o  i n c r e a s e  wi th  t h e  l e v e l  of a c t i v i t y .  Examinat ion of i n d i v i d u a l  

b u r s t s  seen i n  F i g u r e  4 r e v e a l s  t h a t  t h e  t y p i c a l  r i se  t i m e  t o  t h e  

peak i s  from 20 minutes  t o  1 hour .  The decay t i m e  i s  similar t o  t h e  

r i s e  t i m e  o r  s l i g h t l y  longer  i n  many i n s t a n c e s .  Such behav io r  i s  ex- 

pec ted  from t h e  appearance of  t h e  Dp v a r i a t i o n s  a t  i n d i v i d u a l  s t a t i o n s ,  

b u t  t h e  almost r e g u l a r  Dp v a r i a t i o n s  are r e v e a l e d  o n l y  by a g l o b a l  

index  w i t h  high t i m e  r e s o l u t i o n  such as AE. 
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In  o r d e r  t o  i l l u s t r a t e  t h e  p e r i o d i c  occur rence  of  p o l a r  d i s t u r b a n c e s  

on a more q u a n t i t a t i v e  b a s i s ,  e s t i m a t e s  of  power s p e c t r a l  d e n s i t y  have 

been made of t h e  series of semi-hourly AE i n d i c e s  f o r  t h e  6-day p e r i o d  

mentioned above. The r e s u l t s  are  p resen ted  i n  F i g u r e  1 6 ,  where t h e  

power s p e c t r a l  d e n s i t y  e s t i m a t e s  a r e  p l o t t e d  a g a i n s t  f requency  r ang ing  

from 0 t o  1.0 cph ( c y c l e  p e r  h o u r ) ,  the  la t ter  f requency  be ing  t h e  

Nyquist  f requency .  There  are two broad peaks  of i n t e r e s t ,  which are 

marked A and B i n  F i g u r e  16. The former ,  which l i e s  between 0 . 2  and 

0 . 4  c p h ,  o r  between 2 . 5  and 5 hours  i n  p e r i o d ,  i s  i n t e r p r e t e d  t o  r e p r e -  

s e n t  t h e  r e p e t i t i o n  o f  e v e n t s ;  t h e  p e r i o d  co r re spond ing  t o  t h e  c e n t e r  

of t h i s  broad peak i s  4 hours .  Applying t h e X  t e s t  (Blackman and 

Tukey, 1958) t o  t h e  d e v i a t i o n  of  t h e  peak v a l u e  i n  A from a smooth. 

background , i n d i c a t e d  by broken lines i n  F i g u r e  16 , t h e  p r o b a b i l i t y  t h a t  

an estimate exceeds  t h e  peak va lue  by chance  i s  10%. There  are f i v e  

p o i n t s  i n  A a t  which s p e c t r a l  d e n s i t y  estimates were made; of  t h e s e ,  

on ly  ne ighbor ing  p o i n t s  are c o r r e l a t e d ,  and t h o s e  p o i n t s  n o t  a d j a c e n t  

are mutua l ly  independent .  The j o i n t  p r o b a b i l i t y  t h a t  a l l  t h e s e  p o i n t s  

c o n t r i b u t e d  t o  form t h e  broad peak by chance  i s  n e g l i g i b l y  small. Thus 

t h e  s p e c t r a l  peak A i s  cons ide red  t o  be  s i g n i f i c a n t .  

2 

The second p e a k ,  marked B y  i s  more pronounced than  t h e  peak A .  

The p e r i o d  co r re spond ing  t o  t h e  peak i s  1.15 h o u r s .  We i n t e r p r e t  t h e  

peak  B t o  r e p r e s e n t  t h e  ave rage  du ra t ion  o f  t h e  most a c t i v e  phase  of  

p o l a r  d i s t u r b a n c e s .  The conf idence  l e v e l  o b t a i n e d  by the’)(,’ t e s t  f o r  

t h e  peak v a l u e  i s  95%. There a r e  t h r e e  p o i n t s  i n  B y  of which two are 
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independent .  Again t h e  p r o b a b i l i t y  t h a t  a l l  t h e  p o i n t s  had by chance 

such d e v i a t i o n s  from t h e  smooth background, i n d i c a t e d  i n  F i g u r e  16 

by broken l i n e s ,  i s  n e g l i g i b l e .  The f o l l o w i n g  remarks are made r e g a r d i n g  

t h e  p o s s i b l e  e f f e c t  of t h e  second harmonic of B i f  i t  e x i s t s .  The 

second harmonic would be n e a r  1 .74 c p h ,  which w i l l  f a l l  n e a r  0.26 cph 

when t h e  spectrum i s  f o l d e d  about  t h e  Nyquist  f requency .  Then t h e  la t ter  

f requency  c o i n c i d e s  w i t h  t h e  peak A. The p o s s i b i l i t y  of  t h e  peak A 

being  t h e  second harmonic of B i s  r e j e c t e d  on t h e  f o l l o w i n g  ground. 

F i r s t ,  t h e  power c o n t a i n e d  i n  A i s  about  8 times t h a t  i n  B .  Secondly ,  

A i s  much broader than  B .  

peak A i s  r e a l .  

For  t h e s e  r e a s o n s  w e  judge  t h a t  t h e  s p e c t r a l  

Anderson et a l .  (1965) and Anderson (1965)  have d e t e c t e d  8 5 s l a n d s "  

of e n e r g e t i c  e l e c t r o n  f l u x e s  i n  t h e  magnetosphere t a i l .  These e l e c t r o n  

i s l a n d s  have a sharp  r i se  and a s lower decay r e g a r d l e s s  of whether  t h e  

s a t e l l i t e  i s  inbound o r  outbound. For  t h i s  r e a s o n  t h e s e  a u t h o r s  i n -  

t e r p r e t e d  such e v e n t s  as be ing  ' t i m e  v a r i a t i o n s '  and n o t  ' s p a t i a l  

v a r i a t i o n s ' .  They r e p o r t  t h a t  t h e  o c c u r r e n c e  of e l e c t r o n  i s l a n d s  i s  

t i m e  dependent.  According t o  Anderson ( p r i v a t e  communication) , when 

t h e s e  e l e c t r o n  i s l a n d s  are observed  t h e y  o c c u r  w i t h  i n t e r v a l s  of a 

f e w  t o  s e v e r a l  hours .  

d i s t u r b a n c e s  as d e r i v e d  from t h e  AE index  are of t h e  same o r d e r  of 

magnitude as t h o s e  of Anderson 's  e l e c t r o n  i s l a n d s .  Thus i t  i s  sugges ted  

t h a t  p o l a r  d i s t u r b a n c e s  are d i r e c t l y  r e l a t e d  t o  e l e c t r o n  i n j e c t i o n  i n t o  

t h e  magnetosphere t a i l  o r  t o  a c c e l e r a t i o n  of e l e c t r o n s  i n  t h e  v i c i n i t y  

o f  t h e  n e u t r a l  s h e e t .  

We p o i n t  out t h a t  t h e  r e c u r r e n c e  times of p o l a r  

4 
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VI11 Summary and Conclus ions  

A method i s  d e s c r i b e d  f o r  o b t a i n i n g  a g l o b a l  i ndex  ( A E )  of Dp 

a c t i v i t y  u s i n g  t h e  H v a r i a t i o n s  measured a t  a s t a t i o n  network d i s t r i b u t e d  

a long  t h e  a u r o r a l  zones.  The index i s  a d i r e c t  measure of  t h e  a x i a l l y  

nonsymmetric component of Dp a c t i v i t y .  S i n c e  t h i s  component i s  found 

t o  exceed t h e  a x i a l l y  symmetric component i n  magni tude ,  AE can  be  con-  

s i d e r e d  approximate ly  as an index  of Dp. 

Advantages o f  t h e  AE index  a r e  as fo l lows :  (1) i t  i s  a q u a n t i t a t i v e  

i n s t a n t a n e o u s  index  and h a s  r e a d i l y  i n t e r p r e t a b l e  p h y s i c a l  meaning; i n  

t h e s e  two r e s p e c t s  i t  i s  q u i t e  d i f f e r e n t  from t h e  s t anda rd  Kp and ap 

i n d i c e s ;  ( 2 )  t h e  method of o b t a i n i n g  AE i s  s imple  and we l l - adap ted  t o  

d i g i t a l  r e c o r d s  and t o  modern computer t echn iques ;  and ( 3 )  t h e  method 

i s  u s e f u l  f o r  t h e  s tudy  o f  i n d i v i d u a l  e v e n t s  and a l s o  f o r  s t a t i s t i ca l  

i n v e s t i g a t i o n s .  By app ly ing  t h e  method d e s c r i b e d  h e r e  t o  a few s e l e c t e d  

epochs  i n  t h e  f i r s t  h a l f  of 1958 we conc lude  t h a t  i n  several r e s p e c t s  

i n d i v i d u a l  Dp e v e n t s  conform t o  the  d e s c r i p t i o n  o b t a i n e d  from p a s t  

s t a t i s t i c a l  s t u d i e s ;  s p e c i f i c a l l y  , Dp deve lops  b e f o r e  t h e  magnet ic  storm 

main phase  and e x h i b i t s  much more r a p i d  temporal  v a r i a t i o n ;  a t  t h e  a u r o r a l  

zone ,  t h e  eas tward  and westward e l e c t r o j e t s  deve lop  s imul taneous ly  and 

have  t h e i r  maximum i n t e n s i t y  i n  the  evening  and morning s e c t o r s ,  re- 

s p e c t i v e l y ;  t h e  a x i a l l y  nonsymmetric component o f  Dp i s  u s u a l l y  much 

larger than  t h e  a x i a l l y  symmetric component. I n  a d d i t i o n  w e  have shown 

t h a t  Dp e x h i b i t s  a b u r s t - l i k e  n a t u r e  wi th  i n d i v i d u a l  b u r s t s  deve loping  and 

decay ing  w i t h  a t i m e  scale of approximately 1 hour  and wi th  an ave rage  

r e p e t i t i o n  p e r i o d  of  4 hours .  
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We p o i n t  o u t  t h a t  t h i s  r e p e t i t i o n  p e r i o d  i s  comparable w i t h  t h a t  of 

t h e  e l e c t r o n  flux enhancements observed by Anderson e t  a l .  (19651,  and 

Anderson ( 1965) , i n  t h e  magnetosphere t a i l ,  and sugges t  t h a t  t h e s e  

phenomena are d i r e c t l y  r e l a t e d .  I t  i s  n o t  clear whether  t h e s e  e l e c t r o n  

f l u x  enhancements i n  t h e  magnetosphere t a i l  set  up e lec t r ic  f i e l d s  t h a t  

g e n e r a t e  p o l a r  d i s t u r b a n c e s ,  o r  t h e  two phenomena have s t i l l  a n o t h e r  

common cause  y e t  t o  be found. 

I t  i s  our  i n t e n t  t o  extend t h e  use  of t h e  method d e s c r i b e d  h e r e  

t o  more r e c e n t  d a t a  and a l s o  t o  t h e  s t u d y  of Dp v a r i a t i o n s  i n  t h e  p o l a r  

c a p  and elsewhere.  
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I -  APP END1 X 

An estimate of t h e  f i e l d s  from t h e  c u r r e n t s  on t h e  magnetosphere 

l -  - boundary and i n  t h e  t a i l .  

The h o r i z o n t a l  component of t h e  f i e l d  from t h e  s u r f a c e  c u r r e n t  

3 on t h e  magnetosphere boundary i s  roughly ( 0 . 2 5 / r  

r i s  t h e  g e o c e n t r i c  d i s t a n c e  i n  e a r t h - r a d i i  of t h e  boundary on t h e  sun- 

e a r t h  l i n e  (Mead, 1964) .  Hence, t a k i n g  r t o  be 10, t h i s  f i e l d  i s  of 

t h e  o r d e r  of 20y. 

1 c o s  8 g a u s s  where 
b 

b 

b 

I f  t h e  n e u t r a l  s h e e t  c u r r e n t  i n  t h e  magnetosphere t a i l  i s  approximated 

by a s h e e t  c u r r e n t  ex tending  i n f i n i t e l y  i n  t h e  d i r e c t i o n  p e r p e n d i c u l a r  

t o  t h e  s u n - e a r t h  l i n e ,  b u t  having a f i n i t e  width from r t o  r ( e a r t h -  

r a d i i )  , then t h e  f i e l d  a t  t h e  c e n t e r  of t h e  e a r t h  (which i s  on t h e  

1 2 

p l a n e  of t h e  s h e e t  c u r r e n t )  i s  p e r p e n d i c u l a r  t o  t h i s  p l a n e  and i s  g iven  

by AH = 2 j  l n ( r  /r ) , where j i s  t h e  c u r r e n t  d e n s i t y  ( i n  e .m.u.1;  f o r  

t h e  s h e e t  c u r r e n t  model , see, f o r  i n s t a n c e ,  Williams and Mead ( 1 9 6 5 ) .  
2 1  

The d i r e c t i o n  of  t h e  f i e l d  n e a r  the  e a r t h  i s  t o  d e c r e a s e  t h e  permanent 

f i e l d .  I n  t h e  v i c i n i t y  of t h e  n e u t r a l  s h e e t  c u r r e n t ,  t h e  c u r r e n t  can  

b e  c o n s i d e r e d  t o  be an i n f i n i t e  shee t  c u r r e n t ;  t h u s  t h e  magnet ic  f i e l d  

H t h e r e  can be expressed  as H = 2 n j .  Hence , approximately 

LIH = ( H  /n) In  ( r  /r ) .  T h e r e f o r e ,  t h e  f i e l d  of t h e  magnetosphere 

t a i  1 tai  1 

ta i  1 2 1  

t a i l  a t  t h e  e a r t h  c r i t i c a l l y  depends on t h e  e x t e n s i o n  of t h e  s h e e t  

c u r r e n t .  If  t h e  s h e e t  c u r r e n t  extends from 10 e a r t h - r a d i i  t o  100 e a r t h -  

2t  3 r a d i i  wi th  a n e a r l y  e q u a l  c u r r e n t  d i s t r i b u t i o n ,  AH = H x -  
t a i l  n 

= 0 .73  H . I f  w e  t a k e  H t o  b e  2 0 y  , CH i s  157. T h i s  i s  a c r u d e  

estimate, and s i n c e  t h e  a c t u a l  n e u t r a l  s h e e t  c u r r e n t  d o e s  n o t  ex tend  

ta i  1 tai 1 

i n f i n i t e l y  t h i s  estimate may be c o n s i d e r e d  t o  g i v e  an upper l i m i t .  
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On t h e  o t h e r  hand t h e  t a i l  i s  l i k e l y  t o  extend much beyond 100 e a r t h -  

r a d i i  ( D e s s l e r ,  1964; Dungey, 1965) .  However, r e g a r d l e s s  of  t h e  a c t u a l  

l e n g t h  o f  t h e  tail, what c o u n t s  h e r e  i s  t h e  f l u x  l e a k i n g  through i t s  

ear thward  end ,  and t h u s ,  when t h e  f i e l d  i n t e n s i t y  i s  s p e c i f i e d  i n  t h e  

r e g i o n  of  t h e  t a i l  r e l a t i v e l y  n e a r  t h e  e a r t h  o n e  c o u l d  d e f i n e  an  e q u i v a l e n t  

l e n g t h  o f  t h e  t a i l  i f  one i s  o n l y  concerned w i t h  t h e  n e a r - e a r t h  r e g i o n .  

It  i s  i n  t h i s  c o n t e x t  t h a t  w e  made t h e  above estimate. The d i r e c t i o n  of 

t h e  f i e l d  from t h e  t a i l  i s  o p p o s i t e  t o  t h a t  due  t o  t h e  magnetosphere 

boundary c u r r e n t ;  and hence t h e  r e s u l t a n t  f i e l d  i s  of  t h e  o r d e r  of loa' 

i n  t h e  d i r e c t i o n  of enhancing t h e  h o r i z o n t a l  component of  t h e  permanent 

f i e l d .  During major d i s t u r b a n c e s  t h e s e  f i e l d s  may b e  i n c r e a s e d ,  b u t  

s i n c e  w e  a r e  h e r e  concerned w i t h  t h e  p o l a r  d i s t u r b a n c e s  whose magnitudes 

are s e v e r a l  hundred t o  a few thousand gamma, w e  w i l l  c o n s i d e r  t h e  changes  

i n  t h e  f i e l d s  from t h e  magnetosphere boundary c u r r e n t  and t h e  n e u t r a l  

s h e e t  c u r r e n t  i n  t h e  magnetosphere t a i l  t o  be n e g l i g i b l e  i n  t h e  p r e s e n t  

problem. 
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FIGURE TITLES 

Fig.  

1 I d e a l i z e d  c u r r e n t  diagrams based on t h e  average  of  f o r t y  

magnetic s t o r m s ,  a t  maximum epoch i n  t h e  main phase:  

(a)  combined d i s t u r b a n c e  c u r r e n t  , ( b )  D s t  c u r r e n t  , 

( c )  DS c u r r e n t .  The c u r r e n t  f l o w  between a d j a c e n t  l i n e s  

i s  10,000A. A f t e r  Chapman, 1956. 

2 Map showing t h e  n o r t h e r n  a u r o r a l  zone. Black t r i a n g l e s  show 

l o c a t i o n s  of p o i n t s  c o n j u g a t e  t o  Byrd S t a t i o n  (BY)  and Hal ley  

Bay ( H B )  and c l o s e d  c i r c l e s  i n d i c a t e  l o c a t i o n s  of S i t k a  ( S I )  , 

C o l l e g e  (COi , Wellen (WE) , Dixon I s l a n d  ( D I )  and Kiruna (KI). 

Other  s t a t i o n s  used i n  l a t e  phases  of  t h i s  s tudy  are Dombas 

(DO) , Yellowknife  (YE)  and Cape Chelyuskin ( C C ) .  

3 H traces from seven o b s e r v a t o r i e s  f o r  February  11, 1958. 

Dashed p o r t i o n s  are averages  drawn through f l u c t u a t i n g  traces 

o r ,  where i n d i c a t e d  by l t ? l t ,  r e p r e s e n t  p o r t i o n s  of t h e  traces 

which c o u l d  n o t  b e  s c a l e d  w i t h  c o n f i d e n c e .  A t  t h e  bottom of  

t h e  diagram are t h e  upper and lower envelopes  d e f i n e d  by 

s u p e r p o s i t i o n  o f  t h e  seven H traces.  

Reproduct ion of  machine p l o t  of H d a t a  from t h e  seven o b s e r v a t o r i e s  

w i t h  upper  and lower envelopes drawn i n  f o r  t h e  i n t e r v a l  

February  10- 15 , 1958. 

4 

5 Schematic drawing i l l u s t r a t i n g  t h e  r e l a t i o n s h i p s  between 

AU, AL, AE, A 0  and Az. 
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7 

10 

11 

1 2  

P l o t  of t h e  AE index  f o r  February  10-15, 1958, t h e  same 

i n t e r v a l  r e p r e s e n t e d  by F i g u r e  4 .  

l o w - l a t i t u d e  D s t  ob ta ined  by Sug iu ra  (1965) .  

P l o t  of t h e  upper  ( A U )  and lower (AL) enve lopes  o b t a i n e d  

on February  1 2 ,  1958 u s i n g  2.5-minute  s c a l i n g s  and 15-rninutey 

l -hour  and 3-hour  ave rages  of t h e  2 .5-minute  s c a l i n g s .  

P l o t  of t h e  upper  (AU) and lower (AL) envelopes  f o r  February  

15, 1958; see t i t l e  t o  F i g u r e  7 .  

Local geomagnetic t i m e  of l o c a t i o n s  where maximum p o s i t i v e  

and n e g a t i v e  H e x c u r s i o n s  were observed  d u r i n g  February  

10-15, 1958. 

compi le t h e  diagram. 

AU and AL envelopes  compiled from hour ly -ave rage  H v a l u e s  

a t  n i n e  a u r o r a l  zone s t a t i o n s .  F u l l  c i rc les  show times of 

s s c ' s  r e p o r t e d  by f i v e  o r  more s t a t i o n s ;  open c i r c l e s  show 

those  r e p o r t e d  by two t o  f o u r  s t a t i o n s .  

P l o t s  of a u r o r a l  zone AE, low l a t i t u d e  D s t  and r ange  R(DS) 

of low l a t i t u d e  DS f o r  t h e  i n t e r v a l  Februa ry  10-15, 1958. 

A)  P l o t  of r ange  R(DS) of low l a t i t u d e  DS v s  D s t  f o r  

hours  when AE<150 . The s t r a i g h t  l i n e  f i t t e d  by least 

squares  h a s  a s t a n d a r d  d e v i a t i o n  of 7 . 5 ~ :  B) P l o t  of 

R(DS) v e r s u s  AE f o r  h o u r s  when AE<150x. 

The dashed l i n e  g i v e s  t h e  

Hal f -hour  a v e r a g e s  wi th  LH1>507 were used t o  
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13 P l o t s  of Ap, Kp and 3-hour ave rages  of AE v e r s u s  u n i v e r s a l  

t i m e  f o r  t h e  pe r iod  February 10-15 ,  1958. 

14 P l o t  of AE f o r  t h e  pe r iod  February 10-15, 1958 wi th  p o s i t i o n s  

of peaks  emphasized by v e r t i c a l  l i n e s  drawn t o  them from 

t h e  a b c i s s a .  

15 I n t e r v a l s  between s u c e s s i v e  Dp b u r s t s  d u r i n g  t h e  31 days  

i l l u s t r a t e d  i n  F i g u r e  10. Hour ly-average  d a t a  were used t o  

compi le t h e  diagram. 

16 E s t i m a t e s  of t h e  power s p e c t r a l  d e n s i t y  f o r  p o l a r  d i s t u r b a n c e s  

i n  t h e  f requency  range  0 t o  1 c y c l e  p e r  hour ;  power s p e c t r a l  

d e n s i t y  i n  u n i t s  of 
2 

per c y c l e  p e r  hour .  
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